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SUMMARY 


This  report  was  developed  as  part  of  a program  undertaken 
by  the  Manufacturing  Technology  Directorate  of  Plcatlnny  Arsenal 
In  recognition  of  the  need  for  expanded  design  Information  per- 
taining to  structures  subjected  to  blast  environments  due  to  ac- 
cidental explosions  within  ammunition  facilities.  The  purpose 
herein  is  to  provide  facility  designers  with  design  charts  to 
facilitate  the  selection  of  steel  structural  elements  utilized 
in  acceptor  structures  located  in  the  low  to  intermediate  pres- 
sure level  range.  The  report  Is  intended  to  be  used  in  conjunc- 
tion with  the  Picatlnny  Arsenal  Technical  Report  No.  4837,  "De- 
sign of  Steel  Structures  to  Resist  the  Effect  of  HE  Explosions". 

The  design  charts,  which  Include  standard  cold-formed 
steel  panel  sections  and  wi de-flange  beam  sections,  can  be  used 
In  the  evaluation  of  existing  structures  and  in  the  design  of 
new  facilities.  These  steel  panel  and  beam  sections  are  ap- 
propriate for  use  as  walls,  roof,  and  supporting  members  (girts, 
purlins,  etc.)  of  blast-protective  steel  buildings  in  Army  Am- 
munition Plants  and  other  explosive  manufacturing  and  storage 
facilities.  Each  design  chart  consists  of  plots  of  steel  panel 
or  beam  sections  versus  triangular  pressure  pulse,  for  a par- 
ticular post-accident  usability,  span  length,  support  condition, 
and  beam  spacing. 

The  criteria  used  In  the  computer  analyses  performed  to 
develop  the  design  charts,  and  the  various  design  parameters  in- 
volved in  the  use  of  the  charts  are  described.  Design  examples 
which  illustrate  the  application  of  the  charts  are  included. 

A total  of  282  design  charts  are  presented  in  the  report 
covering  steel  panel  span  lengths  up  to  10  ft  and  beam  span 
lengths  up  to  35  ft,  for  single  and  multiple  spans.  Pressure 
levels  up  to  12  psi  and  pulse  durations  from  20  to  400  ms  are 
covered  by  the  charts. 
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CONCLUSIONS  AND  RECOMMENDATIONS 


The  charts  presented  In  this  report  provide  a useful  de- 
sign aid  for  facility  designers  in  the  selection  of  cold-formed 
steel-panel  and  wide-flange  beam  sections  used  In  structures  de- 
signed to  resist  blast  loads  produced  by  accidental  explosions. 

It  is  recommended  that  this  data  be  implemented  In  the 
evaluation  and  design  of  structures  within  facilities  for  the 
manufacture  and  storage  of  explosive  materials. 
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SECTION  1 
INTRODUCTION 


Background 


In  the  design  of  steel  structures  to  withstand  the  effects 
of  high-explosive  (HE)  detonations,  standard  structural  members 
can  be  utilized  for  acceptor  structures  located  in  the  low  to  in- 
termediate pressure  level  range.  However,  since  the  design  of 
steel  elements  subjected  to  dynamic  loads  involves  special  analy- 
tical techniques  and  generally  requires  several  trial  sections, 
it  would  be  useful  <f  design  charts  were  available  to  aid  en- 
gineers and  designers  in  the  selection  of  member  sizes,  without 
performing  lengthy,  repetitious  computations. 

In  response  to  this  need,  design  charts  for  the  selection 
of  single-span  and  multi-span  cold-formed  steel  panels  and  wide- 
flange  beam  sections,  subjected  to  blast  overpressure,  have  been 
prepared  and  are  presented  in  this  report.  These  charts  were  de- 
veloped based  on  the  procedures  and  criteria  contained  in  the 
Picatinny  Arsenal  Technical  Report  No.  4837,  "Design  of  Steel 
Structures  to  Resist  the  Effects  of  HE  Explosions"  (Reference  1). 
Both  of  these  reports  were  prepared  by  the  Manufacturing  Tech- 
nology Directorate  of  Picatinny  Arsenal,  with  the  assistance  of 
Amnia nn  & Whitney,  Consulting  Engineers,  as  part  of  the  overall 
Picatinny  Arsenal  Safety  Engineering  Support  Program  for  the 
U.S.  Army  Armament  Command. 

The  design  of  a steel  building  required  to  resist  blast 
loads  involves  three  general  structural  systems : (1)  the  wall  and 
roof  panels,  (2)  supporting  members  such  as  girts  and  purlins 
and  other  members  which  can  be  treated  as  individual  beams,  and 
(3)  the  main  structural  frame.  The  design  charts  presented  here- 
in pertain  to  the  first  two  systems.  For  the  analysis  of  the 
main  structural  frame,  a computer  program  for  the  elasto-plastic 
analysis  of  frame  structures  has  also  been  developed  by  Pica- 
tinny Arsenal,  with  the  assistance  of  Ammann  & Whitney  (Reference 
2).  This  program  can  be  used  to  determine  overall  and  local  de- 
flections and  stresses  of  structural  member:  comprising  rigid  or 
braced  frames. 

1 .2  Objective 

The  purpose  of  this  report  is  to  present  design  charts  for 
the  selection  of  cold-formed  steel  panel  and  wide-flange  beam 
sections  used  in  structures  designed  to  resist  blast  loads  pro- 
duced by  high-explosive  detonations.  Steel  panels  and  beams  can 


be  utilized  to  ccrrfruct  the  walls,  roof,  and  supporting  members 
(girts,  purlins,  etc.)  of  blast  protective  steel  buildings  in 
Army  Ammunition  Plants  and  other  explosive  manufacturing  and 
storage  facilities.  These  structures  are  similar  to  pre- 
engineered  buildings,  except  that  special  designs  and  details 
are  required  for  the  structural  components  in  order  to  withstand 
the  blast  loadings  and  to  provide  the  required  degree  of  safety 
on  a cost-effective  basis. 

The  design  charts  can  be  applied  to  evaluate  the  blast 
capacity  of  applicable  steel  elements  in  existing  structures,  as 
well  as  for  preliminary  and  final  design  of  new  steel  structural 
members  of  the  type  and  size  covered  in  the  charts. 

1 . 3 Format  and  Scope  of  Report 

The  main  contents  of  this  report  consist  of  the  design 
charts  which  follow  the  descriptive  text  in  Sections  1 through  3. 
Section  2 describes  the  criteria  used  in  the  development  of  the 
charts  and  the  various  design  parameters  and  input  involved  in 
the  use  of  the  charts.  Section  3 presents  design  examples  which 
illustrate  the  application  of  the  charts  for  typical  designs. 

Two  sets  of  design  charts  are  included  in  the  report.  The 
first  set  of  charts  (Figures  1 through  60)  pertains  to  cold- 
formed  steel  panel  sections.  These  panel  sections  are  referred 
to  as  metal  decking  in  the  charts  because  the  type  of  sections 
included  are  normally  used  for  roof  and  floor  decking  in  con- 
ventional structures.  The  second  set  of  design  charts  (Figures  61 
through  282)  pertains  to  steel  beams.  The  members  included  are 
standard  wi de-flange  W-Shapes. 

Each  design  chart  consists  of  computer  plots  of  decking 
type  or  beam  section  versus  peak  pressure  and  duration  of  pressure 
pulse,  for  a particular  post-accident  usability  condition,  span 
length,  support  condition,  and  beam  spacing.  These  charts  apply 
to  single  and  multiple  spans.  To  facilitate  the  selection  of  the 
appropriate  chart  for  a specific  design  condition,  Table  1 pre- 
sents a list  of  metal  decking  chart  numbers  versus  decking  span, 
and  Table  2 presents  a list  of  beam  chart  numbers  versus  beam 
span.  These  tables  also  list  the  applicable  chart  numbers  by 
usability,  support  condition,  and  beam  spacing  categories. 
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10.0 


57 


58 


59 


60 


TABLE  2 LIST  OF  BEAM  CHART  NUMBERS  VS.  SPAN. 


Span 

Usa- 

(ft) 

bility 

R 

8 

NR 

R 

10 

NR 

R 

12 

R 

16 

R 

20 

NR 

Support 


Spacing  (ft) 


61 

62 

1 63 

64 

65 

66 

67 

68 

69 

70 

71 

72 

73 

74 

75 

76 

77 

78 

79 

80 

81 

82 

83 

84 

85 

86 

87 

88 

89 

90 

91 

92 

93 

94 

95 

96 

97 

98 

99 

101 

102 

103 

105 

106 

107 

109 

110 

111 

113  i 

114 

115 

HZJ 

118 

I119 

121 

122 

126 

127 

131 

132 

136 

137 

141 

142 

146 

147 

124  1125  | 
129  : 130 
134  i 135 

139  ' 140 
144  ; 145 
149  1 150 


151  152 

157  | 158 
163  | 164 

169  ! 170 
175  176 
181  182 


171  | 172  173 

177  178  179 


155 

i 156 

161 

: 162 

167 

i 168 

173 

174 

179 

180 

185 

186 

I: 


& 

»V, 

t 


i 


t' 

b 

l- 
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TABLE  2 LIST  OF  BEAM  CHART  NUMBERS  VS.  SPAN  (cont,). 


Span 

(ft) 

Usa- 

bility 

Support 

Condition 

Spacing  (ft) 

3 

4 

5 

. 6 

7 

8 

9 

10 

S-S 

187 

188 

189 

.90 

191 

192 

R 

F-F 

193 

194 

195 

196 

197 

198 

25 

S-F 

199 

200 

201 

202 

203 

204 

S-S 

! 

205 

206 

207 

208 

209 

210 

NR 

F-r 

211 

212 

213 

214 

215 

216 

S-F 

217 

218 

219 

220 

221 

222 

S-S 

223 

224 

225 

226 

227 

R 

F-F 

228 

229 

230 

231 

232 

30 

S-F 

... . . 

233 

234 

— 

235 

236 

237 

S-S 

238 

239 

240 

241 

242 

NR 

F-F 

243 

244 

245 

246 

247 

S-F 

248 

249 

250 

251 

252 

S-S 

253 

254 

255 

256 

257 

R 

F-F 

258 

259 

260 

261 

262 

35 

S-F 

263 

264 

265 

266 

267 

S-S 

268 

269 

270 

271 

272 

NR 

F-F 

' 

' 

273 

274 

275 

276 

277 

S-F 





278 

279 

280 

281 



282 

1 R 

Reusable 

| NR 

Non-reusable 

l S-S 

Simple-supported 

f F-F 

Fixed  ends 

1 S-F 

Simple-fi xed 

j 
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SECTION  2 

CRITERIA  AND  USE  OF  CHARTS 


2.1  General 


The  design  charts  were  developed  by  computer  analyses 
based  on  criteria  for  the  design  of  cold-formed  steel  panels  and 
steel  beams  subjected  to  blast  loads,  in  accordance  with  Refer- 
ence 1.  For  a detailed  discussion  of  this  criteria  and  for  other 
necessary  design  data,  the  reader  should  consult  this  reference. 
The  computer  calculations  consisted  of  a series  of  iterative 
numerical  integrations  of  the  response  equation  for  an  elasto- 
plastic  single-degree-of-freedom  system. 

This  section  of  the  report  describes  the  basis  for,  and 
the  assumptions  made  in  the  development  of  the  charts.  Design 
parameters,  and  input  involved  in  the  use  of  tne  charts  for  the 
determination  of  decking  and  beam  sections  are  also  described. 

The  design  examples  presented  in  Section  3 illustrate  the  pro- 
cedure for  using  the  charts.  Examples  of  hand  computations  for 
the  analysis  and  design  of  steel  panels  and  beans  are  presented 
in  Chapter  7 of  Reference  1. 

2.2  Blast  Pressure  Loading 

The  blast  loading  parameters  of  peak  pressure  (P)  and 
pulse  duration  (T)  shown  on  the  design  charts  are  for  an  ideal- 
ized triangular  pressure  pulse  without  a rise  time  as  depicted 
in  Figure  A.  Each  chart  covers  a range  of  pressures  up  to  12  psi 
and  duration  of  pressure  pulse  from  20  to  400  ms. 

This  pressure  pulse  is  a triangular  pulse  which  is  equi- 
valent to  the  actual  pressure  history  of  the  blast  loading  act- 
ing on  the  member.  The  pressure  pulse  can  represent  an  incident 
pressure  or  a reflected  pressure  pulse  depending  on  the  orienta- 
tion of  the  member  with  respect  to  the  location  of  the  detonation. 
Procedures  for  calculating  equivalent  triangular  blast  loadings 
are  covered  in  TM  5-1300,  "Structures  to  Resist  the  Effects  of 
Accidental  Explosions"  (Reference  3).  For  decking,  the  peak  pres- 
sure is  increased  by  10  percent  per  Section  3.7.2  of  Reference  1. 

In  developing  the  design  charts,  the  pressure  pulse  was 
applied  to  the  member  as  a uniform  load  perpendicular  to  the 
major  axis  of  bending.  Members  subjected  to  combined  bending 
and  axial  loads  or  biaxial  bending  are  not  considered. 
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TIME  (ms) 


Figure  A Triangular  pressure  pulse 


Figure  B Member  end  rotations. 
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2.3  Post-Accident  Usability  j j 

The  usability  category  selected  by  the  designer  is  based  on  ; 1 

the  desired  (or  required)  post-accident  condition  of  the  structure  j 

as  defined  in  Chapter  2 of  Reference  1.  "Reusable"  structures  are  ! * 

intended  to  sustain  light  damage  such  that  they  are  reusable  with  j 

only  minor  repairs.  Permanent  deformations  are  tolerated  to  the 

extent  that  they  are  compatible  with  future  structural  safety  and  < ] 

operational  requirements.  "Non-reusable"  structures  are  designed  1 

to  provide  safety  and  structural  integrity  during  the  accident 

but  are  permitted  *o  sustain  moderate  to  severe  damage.  In  this 

case,  however,  the  post-accident  condition  is  not  compatible  with 

future  structural  safety  and  the  damage  is  such  that  the  repair 

work  necessary  to  restore  the  structure  would  be  excessive. 

The  specific  usability  criteria  used  in  developing  the  de- 
sign charts  is  as  follows:  | 

Metal  Decking  | 

Reusable  I 


emav  = 0.9°  or  u v = 1.2:,  whichever  governs 

ilia  a nlaX 

Non-reusable 

em,v  = 1.8°  or  = 1-75,  whichever  governs 

max  MlaX 


'i 

i 

i 

'< 

■i 


Beams 


i 


Reusable 

= 1°  or  u „ = 3,  whichever  governs 

NlaX  max 

Non-reusable 

= 2°  or  u = 6,  whichever  governs 

nlaX  nlaX 

Here,  umaX  is  the  maximum  ductility  ratio,  and  0^ax  is 
the  maximum  angle  of  rotation  permitted  at  the  ends  of  the  member 
as  shown  in  Figure  B.  An  asterisk  (*)  in  the  charts  denotes  that 
the  design  of  the  member  is  controlled  by  the  maximum  angular 
rotation;  otherwise,  the  member  is  controlled  by  the  maximum 
ductility  ratio. 


9 


r.v.—. 


2.4  Span  Length  and  Beam  Spacing 

As  indicated  in  Tables  1 and  2, the  decking  and  beam  charts 
are  presented  for  a range  of  practical  span  lengths.  The  span 
lengths  for  the  decking  charts  are  at  intervals  of  0.5  ft,  rang- 
ing from  3 to  10  ft.  Beam  span  lengths  range  from  8 to  35  ft 
at  2 to  5 ft  intervals. 

For  multiple-span  decking  and  beams,  the  appropriate  span 
length  pertains  to  each  individual  span  between  supports.  The 
multiple-span  decking  charts  were  calculated  for  the  given  pres- 
sure pulse  acting  simultaneously  on  spans  of  equal  length.  The 
exterior  support  is  a simple  support  and  the  decking  is  con- 
tinuous over  the  interior  supports,  therefore,  the  end  span  go- 
verns the  required  decking  section.  For  unequal  decking  span 
conditions,  the  longest  span  length  can  be  used,  which  will 
generally  result  in  a conservative  design. 

For  multiple-span  beams,  each  span  can  be  evaluated  separa 
tely  based  on  its  length  and  the  appropriate  support  condition. 
See  Section  2.5  for  a description  of  support  conditions. 

The  spacing  shown  on  the  beam  charts  (refer  to  Table  2) 
ranges  from  3 to  10  ft  at  1 -ft  intervals,  and  corresponds  to  a 
uniform  spacing  of  the  beam(s)  under  consideration.  This  spacing 
has  been  used  in  the  development  of  the  charts,  to  account  for 
the  tributary  load  to  each  beam.  For  an  unequal  spacing  or  an 
edge  beam,  an  equivalent  or  average  spacing  corresponding  to  the 
actual  tributary  load  should  be  used. 

2.5  Support  Conditions 

The  support  conditions  for  the  decking  charts  are  based  on 
a sirnply-supported  condition  for  a single  span,  or  a simple- 
parti ally  fixed  condition  for  multiple  spans.  The  ultimate  load 
capacity  for  the  single-span  condition  was  calculated  using 
Equation  3.24  of  Reference  1,  and  the  ultimate  load  capacity  for 
the  multiple-span  condition  was  calculated  using  Equation  3.25 
of  Reference  1 . 

For  single-span  beams,  the  simply-supported,  fixed-ended, 
or  simple-fixed  condition  should  be  used  based  on  the  actual  sup- 
port conditions.  For  multiple-span  beams,  the  designer  should  se- 
lect the  appropriate  support  condition  based  on  the  span  (end  or 
interior)  and  the  connection  details.  In  general,  the  end  span 
of  a multiple-span  beam  would  be  simple-fixed,  and  the  interior 
spans  would  be  considered  as  fixed-ended.  In  the  case  of  un- 
equal span  lengths,  judgment  should  be  used  by  the  designer  in 
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selecting  the  appropriate  support  condition  for  each  span.  The 
ultimate  load  capacities  were  calculated  using  the  equations  for 
beams  with  uniform  loading  in  Table  3.1  of  Reference  1. 

2 . 6 Section  Properties  and  Allowable  Stresses 

Fourteen  sizes  of  metal  decking  are  used  in  the  decking 
design  charts.  The  shapes  and  section  properties  of  the  decking 
types  included  are  given  in  Table  3 and  Figure  C.  These  sections 
are  standard  sections  available  from  several  manufacturers,  al- 
though exact  properties  may  vary.  The  basic  decking  properties 
conform  with  the  AISI  "Speci fi ci ation  for  the  Design  of  Cold- 
Formed  Steel  Structural  Members"  (Reference  4).  The  decking 
charts  were  prepared  for  metal  decking  of  33  ksi  static  yield 
stress  plus  a dynamic  increase  factor  of  10  percent,  in  accord- 
ance with  Chapter  2 of  Reference  1.  As  discussed  in  Section  3.7 
of  Reference  1,  the  type  of  cross-section  shown  in  Figure  C,  i.e., 
closed  sections  consisting  of  a flat  sheet  with  a series  of  hat 
sections,  is  recommended  for  blast  design  applications. 

The  sections  in  the  beam  design  charts  are  wide-flange 
members  which  are  specified  as  W-Shapes  in  the  AISC  "Manual  of 
Steel  Construction"  (Reference  5).  The  members  included  were 
selected  from  those  sections  commonly  used  as  beams.  Moreover, 
these  sections  sati sfy requi cements  for  maximum  span  length  to 
depth  ratio,  and  have  the  required  flange  width  to  thickness 
ratio  and  web  depth  to  thickness  ratio  such  that  local  buckling 
will  not  occur.  The  charts  werp  prepared  for  beams  of  36  ksi 
static  yield  stress  plus  a dynamic  increase  factor  of  10  percent, 
in  accordance  with  Chapter  2 of  Reference  1. 

The  ultimate  capacity  of  each  decking  and  beam  section 
given  in  the  design  charts  was  controlled  by  flexural  failure, 
i.e.,  actual  shear  stresses  were  less  than  the  allowable  value. 

In  the  development  of  the  beam  charts,  it  was  assumed 
that  lateral  buckling  will  be  prevented.  Under  the  pressure 
pulse,  the  wall  or  roof  panels  will  provide  the  necessary  lateral 
bracing.  However,  additional  lateral  bracing  of  the  bottom  flange 
may  be  required  under  rebound  (refer  to  Section  2.8). 

If  it  is  desired  to  use  decking  or  beam  sections  other 
than  those  included  in  the  design  charts,  a member  with  equal 
or  greater  capacity  can  be  chosen. However,  it  is  necessary  to 
establish  that  the  revised  mass  and  stiffness  do  not  have  a sig- 
nificant effect  on  the  dynamic  response  and  hence  the  required 
capaci ty. 
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TABLE  3 SECTION  PROPERTIES  OF  METAL  DECKING. 


Section 

and 

Gage* 

Weight 

(psf) 

I20 

(in'4) 

S+ 

(in') 

S' 

(in') 

Type  1 (20-20) 

3.8 

0.38 

0.31 

0.44 

Type  1 (18-18) 

4.8 

0,57 

0.47 

0.59 

Type  1 (16-16) 

5.8 

0.76 

0.65 

0.75 

Type  1 (14-14) 

7.3 

1.01 

0.89 

0.94 

Type  1 (12-12) 

9.9 

1.37 

1.35 

1.33 

Type  2 (20-20) 

4.2 

1.43 

0.60 

1.03 

Type  2 (18-18) 

5.4 

2.13 

0.91 

1.39 

lype  2 (16-16) 

6.5 

2.89 

1,26 

1.76 

Type  2 (14-14) 

8.1 

3.90 

1.75 

2.23 

Type  2 (12-12) 

11.1 

6.05 

2.83 

3.18 

Type  3 (18-18) 

6.5 

5.93 

1.90 

1.83 

Type  3 (16-16) 

7.9 

7.57 

2.49 

2.49 

Typo  3 (14-14) 

9.8 

9.02 

3.18 

3.14 

Type  3 (12-12) 

13.4 

12.59 

4.10 

— 

4.38 

* The  numbers  within  each  bracket  refer  to  the  gage  number 
of  the  hat  section  and  the  flat  sheet,  respecti vely. 


I 20  Moment  of  inertia  of  section  per  ft  width  at  a service 
stress  of  20  ksi . 

S\  S'  Section  modulus  corresponding  to  positive  and 
negative  moments,  respectively, per  ft  width. 
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l'/2  DEEP  PANEL  (TYPE  t) 


1* 


3"  OEEP  PANEL  (TYPE  2) 


4 */j>'  DEEP  PANEL  (TYPE  3) 


$ 

Figure  C Metal  decking  sections.  i 


2 . 7 Dead  Loads  | 

■£j 

The  development  of  the  decking  design  charts  included  an  I 

allowance  for  the  actual  decking  weight  per  Table  3.  This  was  | 

accomplished  by  subtracting  the  decking  weight  from  the  total  ul-  i 

timate  capacity  of  the  member.  Similarly,  the  beam  charts  account  ; 

for  the  dead  weight  of  the  beam  plus  an  estimated  decking  weight.  I 


In  general,  additional  dead  loads  will  be  insignificant 
compared  to  the  ma<  iltude  of  the  blast  pressure  loading.  However, 
in  certain  cases  it  may  be  necessary  to  consider  other  dead  loads, 
particularly  at  low  pressure  levels  (less  than  1 psi).  For  example, 
equipment  supported  by  the  roof  beams  may  have  to  be  considered. 

If  such  additional  loads  can  be  equated  to  a uniform  load  which 
is  less  than  about  30  percent  of  the  blast  load,  the  design 
charts  can  be  used  to  obtain  a rough  approximation  of  the  required 
member  size,  by  adding  the  dead  load  to  the  peak  pressure.  However, 
it  will  be  necessary  to  verify  this  design  by  a separate  analysis 
since  the  additional  dead  load  will  affect  the  mass  and  dynamic 
response  of  the  member. 


2.8  Rebound 


After  selection  of  decking  and  beam  sections  from  the  de- 
sign charts,  the  effects  of  rebound  should  be  considered  as  de- 
scribed below. 

As  discussed  in  Section  3.7.2  of  Reference  1,  the  required 
decking  resistance  in  rebound,  in  the  practical  design  range,  will 
be  satisfied  by  the  decking  section  selected  for  the  pressure 
pulse.  However,  it  is  possible  in  some  cases  for  the  actual  re- 
sistance of  the  decking  in  rebound  to  be  less  than  the  required 
response  determined  from  Figure  3.9  of  Reference  1,  due  to  the 
different  bending  capacity  in  the  positive  and  negative  directions. 
In  addition,  it  is  necessary  to  calculate  rebound  forces  for  the 
design  of  connections  to  withstand  the  load  reversal  in  rebound. 


For  the  wi de-flange  beams,  the  section  required  for  the 
pressure  pulse  will  be  adequate  for  rebound.  However,  as  pre- 
viously indicated  additional  lateral  bracing  of  the  bottom  flange 
may  be  required.  The  designer  should  refer  to  Section  3.3.6  of 
Reference  1 for  lateral  bracing  criteria.  In  any  case,  it  will  be 
necessary  to  provide  the  required  beam  connections  for  rebound 
reactions. 


The  general  procedures  and  data  for  calculating  the  elastic 
rebound  of  structures  are  contained  in  Chapter  6 of  Reference  3, 
and  are  supplemented  for  steel  decking  and  beams  in  Chapters  3 and 
7 of  Reference  1.  A sample  rebound  calculation  is  included  in 
Section  3. 
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SECTION  3 


ILLUSTRATIVE  EXAMPLES 


3.1  General 


The  following  examples  illustrate  the  use  of  the  design 
charts  for  several  typical  cases  involving  the  selection  of  deck- 
ing and  beam  sections.  Also  included  is  an  example  showing  ad- 
ditional calculations  required  to  determine  rebound  reactions. 

3.2  Selection  of  Decking  Sections 

Example  1 - Single-Span  Metal  Decking 

Design  Data 


Reusable  wal 1 panel 
Span  = 8.5  ft 
Simply  supported 

Peak  pressure  = 3.6  psi  (Ref.  3) 

Peak  pressure  for  decking  design, 

P = 1.1  x 3.6  = 4.0  psi  (Ref.  1,  Sect.  3.7.2) 

Pulse  duration,  T = 200  ms  (Ref.  3) 

Sol ution 


Select  the  proper  design  chart  (Figure  45)  from  Table  1.  In 
Figure  45,  enter  values  of  P and  T.  The  metal  decking  which 
satisfies  the  given  design  condition  is  represented  by  the 
curve  which  is  above  the  intersection  point  of  P and  T.  It 
is  found  that  Type  3 (14-14)  will  be  used  for  this  design. 
Note  that  this  decking  section  is  followed  by  an  asterisk  in 
the  chart,  which  denotes  that  the  design  is  controlled  by 
angular  rotation  (e  ). 
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Example  2 - Multiple-Span  Metal  Decking 
Design  Data 


Non-reusable  roof  decking 
Span  a 4.0  ft 
Multiple  spans 
Peak  pressure  * 6.4  psi 
Peak  pressure  for  decking  design, 
P = 1 . 1 x 6.4  = 7.0  psi 
Pulse  duration,  T = 100  ms 


(Ref.  3) 

(Ref.  1,  Sect.  3.7.2) 
(Ref.  3) 


Sol ution 

Select  the  proper  design  chart  (Figure  12)  from  Table  1.  In 
Figure  12,  enter  values  of  P and  T.  The  metal  decking  which 
satisfies  the  given  design  condition  is  represented  by  the 
curve  which  passes  through  the  intersection  point  of  P and  T. 
It  is  found  that  Type  2 (20-20)  will  be  used  for  this  design. 

3.3  Selection  of  Beam  Sections 

Example  3 - Single-Span  Beam 

Design  Data 


Non-reusable  roof  beams  0 5 ft 
Span  = 23.0  ft  (use  25.0  ft) 
Spacing  = 5.5  ft  (use  6.0  ft 
Simply  supported 
Peak  pressure,  P = 2.0  psi 
Pulse  duration,  T = 125  ms 


6 in. spacing 


?TO33re^3upg»ro«:  sp^wskt.. 


Solution 


Select  the  proper  design  chart  (Figure  206)  from  Table  2.  In 
Figure  206,  enter  values  of  P and  T.  The  beam  which  satisfies 
the  given  design  condi cion  is  represented  by  the  curve  which 
is  above  the  intersection  point  of  p and  T.  It  is  found  that  a 
W16x26  beam  will  be  used  for  this  design.  Note  that  this  beam 
member  is  followed  by  an  asterisk  in  the  chart,  which  denotes 
that  the  design  is  controlled  by  angular  rotation  of  (e  ). 

Example  4 - Multiple-Span  Beam 
Design  Data 


8-0 


, -Jl 

10-0 


_ l _ II 

8 -0 


Reusable  girts  @ 4 ft  - 0 in.  spacing 
Span  = 8.0  ft  Simple-Fixed  (end  span) 

s 10.0  ft  Fixed-Fixed  (interior  span) 

Spacing  = 4.0  ft 

Peak  pressure,  P = 10  pri  (Ref.  3) 

Pulse  duration,  T = 60  its  (Ref.  3) 

Solution 


Select  the  proper  design  charts  (Figures  68  and  83)  from 
Table  2.  In  Mgures68  and  83,  enter  values  of  P and  T. 

From  Figure  68  a W8xl3  beam  is  required,  and  from  Figure  83 
a W8x'i5  biam  is  required.  Since  the  girt  is  a continuous 
uniform  oeim,  the  larger  member  size  is  required  to  satisfy 
the  given  design  conditions.  Therefore,  a W8xl5  beam  will 
be  used  for  this  design. 


I 

i 


j 
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3.4  Rebound  Calculation 
Example  5 - Single-Span  Metal  Decking 
Design  Data 

Same  design  as  Example  1 

For  Decking  Type  3 (14-14)  obtain  properties  from  Table  3: 
S+  = 3.18  in 
S“  = 3.14  in3 


I2o  = 9*02  in 

Weight  = 9.8  psf 

Step  1 . Compute  maximum  unit  resistance  r . 

F.  - 1.1F  (Ref. 

ay  y 

F . = 1.1  x 33  = 36.3  ksi 

Mup  a FdyS+  (Ref* 

Myp  = 36.3  x 3.18  = 115.4  k-in 

ru  = (8‘°  %)/l-2  (Ref* 

r = 8.0  x 115.4  x 10  = 88.8  lb/ in 

0 (8.5  x 12)2  (Per  1-ft  width) 

Step  2.  Compute  equivalent  elastic  deflection  X^. 


(Ref.  1,  Eq.  3.21) 


(Ref.  1,  Eq.  3.22) 


(Ref.  1,  Eq.  3.24) 


XE  * (0.013rul  )/Eleq 


(Ref.  1,  Eq.  3.26) 


XE  - (0.013  x 88.8  x (8.5  x 12)4  = 0.64  in. 

29x1 06  x 0.75  x 9.02 


^JlitWIlUSSluttuWWi  UM^**l^i"-W«9*r«  ?«: 


Jr- 


k 

I. 

fcf, 

g: 

fe. 


'fe 


fe- 


Step  3.  Compute  natural  period  of  vibration  TN 
T 


'N 


= ?T,yo.74mL/KE 


(Ref.  1.  Eq.  3.29) 


Ke  = ryL  = 88.8  x 8.5  x 12  3 14,153  Ib/ln 

U 05 


X, 

c 


m =9.8 


12x386 


2.11  x 10"3  lb-sec 
In2 


Tn  = 2^0.74  x 2.11  x TO"*  x 8.5  x 12/14,153 
= 0.021  sec  or  21  ms 
Step  4.  Compute  T/T^,  u. 

T/Tn=200=9.5 
**  - VXE 

Since  the  design  1s  governed  by  emax  as  indicated  by  an 
asterisk. 


Xm  . L/130  for  emax  = 0.9 

X = 8.5  X 12/130  » 0.79  In 

m 


(Ref.  1,  Eq.  3.28) 


= 0.79/0,64 


= 1.23 


(Note  that  u can  also  be  determined  from 
Ref.  3,  Figure  6.7) 

Step  5.  Determine  rebound  r. 

From  Ref.  1,  Fig.  3.8  using  values 
of  T/T^  =9.5  and  p=1 .23, 

r/ry  = 0.48 

? = 0.48  x 88.8  = 42.6  Ib/in  (per  1 -ft  width) 

19 
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Step  5.  (continued) 

S’/S+  = 3.14/3.18  = 0.99  > 0.48, 

therefore  rebound  capacity  Is  adequate 

Ste£_6.  Compute  rebound  reaction  for  connection  design. 

For  simply-supported  single-span,  rebound 
reaction  = 0.5  x 42.6  x 8.5  x 12 

s 2,200  lbs  (per  1 -ft  width) 
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FIGURE  2 

REUSRBLE  METRL  DECK  I NG , SPRN=  3 . 0 FT,  MULTIPLE  SPRN5 


REUSABLE  METAL  DECKING, SPBN=  3.0  FT,  SIMPLY-SUPPORTED 


FIGURE  4 

-REUSABLE  METRL  DECKING,SPRN=  3.0  FT, MULTIPLE  SPRNS 


FIGURE  5 

REUSABLE  METAL  OECKING,SPAN= 3.5  FT,  SIMPLY-SUPPORTED 


FT CURE  6 

REUSRBLE  METRL  OECKING,SPRN=  3.5  FT,  MULTIPLE  SPRNS 


NON-REUSRBLE  METAL  DECKING,SPAN=  3.5  FT , SIMPLY-SUPPORTED 


FIGURE  8 

NON-REUSRBLE  METRL  DECKING, SPRN=  3.5  FT,  MULTIPLE  SPRNS 


FIGURE  10 

REUSABLE  HETRL  DECKING, SPRN= 4-0  FT,  MULTIPLE  SPANS 


N0N-REUSRBLE  METRL  DECKING,SPRN=  4.0  FT , SIMPLY-SUPPORTED 


£ '•  v- r I-i'? tSj hi b] p ; . ify ■ . ,,^v •,<;,■ 


FIGURE  12 

NON-REUSBBLE  METHL  DECK ING,SPHN=  4.0  FT,  MULTIPLE  SPRNS 


FIGURE  13 

REUSRBLE  METRL  DECKING. SPRN= 4-5  FT,  SIMPLY-SUPPORTED 


FIGURE  14 

REUSRBLE  METRL  OECKlNG,SPRN= 4.5  FT,  MULTIPLE  SPRNS 
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N0N-REUSABLE  METAL  DECKINGrSPRN=  4-5  FT , SIMPLY-SUPPORTED 


FIGURE  16 

N0N-REUSRBLE  METRL  DECKING. SPRN=  4.5  FT.  MULTIPLE  5PRNS 


REUSABLE  METAL  DECKING, SPAN=  5-0  FT,  SIMPLY-SUPPORTED 


FIGURE  18 

REUSABLE  METAL  DECKING, SPRN=  5 . 0 FT,  MULTIPLE  SPANS 


NON-REUSflBLE  METRL  DECKING,SPRN=  5-0  FT,  SIMPLY-SUPPORTED 
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FIGURE  22 

REUSABLE  HETRL  DECK I NG , 5PRN=  5 . 5 FT,  MULTIPLE  SPRNS 


FIGURE  23 

NGN-REUSRBLE  METRL  DECKING,SPRN=  5-5  FT , SIMPLY-SUPPORTED 


SIMPLY-SUPPORTED 


NON-REUSRBLE  METAL  DECKING, SPHN=  S-0  FT ■ SIMPLY-SUPPORTED 


TIT  £2(20-20 1 


NON-REUSRBLE  METAL  DECKING,SPRN=  6-5  FT,  MULTIPLE  5PRNS 


NON-REUSRBLE  METRL  DECKING, SPRN=  7 .0  FT , SIKIPLY-SUPPGRTED 


FIGURE  36 

NON-REUSFIBLE  METAL  DECKING, SPAN=  7.0  FT,  MULTIPLE  SPANS 


FIGURE  37 

REUSABLE  METAL  DECKING, SPAN= 7.5  FT,  SIMPLY-SUPPORTED 


FIGURE  38 

REUSRBLE  METRL  DECKTNG.5PRN=  7 5 FT,  MULTIPLE  SPANS 


FIGURE  39 

REUSABLE  METAL  DECKING,SPAN=  7 .5  FT, SIMPLY-SUPPORTED 


NON-REUSRBLE  METRL  OECK ING,SPRN=  7 .5  FT, MULTIPLE  SPRNS 


REUSRBLE  METRL  DECK  I NG  , SPRN=  6 • 0 FT,  SIMPLY-SUPPORTED 


FIGURE  42 

REUSABLE  METAL  DECKING, SPAN=  8.0  FT,  MULTIPLE  SPFINS 


REUSABLE  METAL  DECKING,SPRN=  8-5  FT,  SIMPLY-SUPPORTED 


FIGURE  46 

REUSABLE  METAL  DECKING, SPAN=  8-S  FT,  MULTIPLE  SPANS 


REUSRBLE  METAL  DECKING,SPRN=  8-5  FT,  SrMPLY-SUPPORTED 


FIGURE  49 

REUSABLE  METAL  DECKING, 9PAN=  94T FT,  SIMPLY-SUPPORTED 


FIGURE  50 

REUSABLE  METAL  DECKING,SPAN=  9-0"  FT,  MULTIPLE  SPANS 


FIGURE  51 

N0N-REUSR8LE  ttETRL  DECK  TNG, SPRNz  9-0  FT , SIMPLY-SUPPORTED 


REUSABLE  METRL  DECKING,SPRN= 9 Je  FT,  SIMPLY-SUPPORTED 


FIGURE  54 

REUSABLE  flETRL  DECK I NO , SPF)N=  9 • 5 FT,  MULTIPLE  SPFINS 


-REUSABLE  METRL  DECKING, SPRN=  9-5  FT,  MULTIPLE  SPRN5 
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FIGURE  60 

-REUSRBLE  METRL  DECKING, SPRN=  10. OFT,  MULTIPLE  SPRNS 


USX  17 


FIGURE  61 

REUSABLE  BE AM. SPAN= 8 FT,SPACING=3  FT.  SIMPLY-SUPPORTED 


FIGURE  6c 

REUSABLE  BEAM»SPAN=8  FT,SPACING=5  FT,  SIMPLY-SUPPORTED 


FIGURE  64 

REUSABLE  BEAM . SPAN=  8 FT. SPACING= 3 FT.  FIXE?  ENDS 


FIGURE  66 

REUSABLE  BEAM  ,SPAN=8  FT ,SPACING= 5 FT,  FIXED  ENDS 


REUSABLE  BEAf1.SPAN=8  FT,SPACING=3  FT,  SIMPLE-FIXED 


FIGURE  68 

REUSABLE  BEAM,SPAN=8  FT,SPRCING=4  FT,  SIMPLE-FIXED 


REUSABLE  BEAM ,SPAN=  8 FT -SPACING^ 5 FT,  SIMPLE-FIXED 


FIGURE  70 

■REUSABLE  BEAM, SPANr  8 FT,SPACING=3  FT,  SIMPLY-SUPPORTED 


FT ,SPflCING=5  FT,  SIMPLY-SUPPORTEO 


REUSABLE  BEAM. SPAN- 8 FT ,SPACING=3  FT,  FIXED  ENDS 


HGURE  76 

NON-RE USABLE  BEflM.SPflN=3  FT,SPfiCING=3  FT.  SIMPLE-FIXED 


FIGURE  77 

REUSABLE  BERM. SPflN= 8 FT, SPACING-4  FT,  SIMPLE-FIXED 


rilZXl9 


FIGURE  79 

REUSABLE  BEAM ,SPAN=  10  FT ,SPACING= 3 FT,  SIMPLY-SUPPORTED 


REUSABLE  BERM. SPflN=  10  FT. Sr HC I NG= 5 FT.  SIMPLY-SUPPORTED 


FIGURE  82 

REUSABLE  BE AM. SPAN=  10  FT ,SP AC I NG= 3 FT.  FIXED  ENOS 


REUSABLE  BEAM , SP  AN=  1C  FT .SPACING^ 5 FT  * FIXED  ENDS 


*10X15 


FIGURE  85 

REUSABLE  BEAM  ,SPAN=  10  FT  .SPACING^- 3 FT.  SIMPLE-FIXED 


REUSABLE  BEAM ,SPRN=  10  FT .SPACING^ 5 FT,  SIMPLE-FIXED 


FIGURE  89 

REUSABLE  BEAM. SPAN=  10  FT, SPACING^ 4 FT,  SIMPLY-SUPPORTED 


FIGURE  90 

NGN-REUSflBLE  6ERf1,SPAN=  10  FT.SPfiCINfcS  FT,  SIMPLY-SUPPORTED 
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FIGURE  9! 

NGN-REUSflBLE  BERM.SPRN=  10  FT,SPRCING=3  FT.  FIXED  ENDS 


FIGURE  02 

NGN-REUSABLE  BEAM. SPAN- 10  FT.SPACING=4  FT.  FIXED  ENDS 


FIGURE  93 

NON-REUSflBLE  BERM.SPflN=  10  FT.SPRCING=5  FT,  FIXED  ENDS 


FIGURE  94 

NON-REUSflBLE  BEflM.SPflNr  10  FT.SPflCING=3  FT.  SIMPLE-FIXED 


DURATION .T  (MS) 

FIGURE  9G 

NGN-REUSflBLE  BEPM.SPAN=  ID  FT  .SPACING=5  FT.  SIMPLE-FIXED 


REUSABLE  BEAM.SPPfN=  12  FT,SPflCING=3  FT,  SIMPLY-SUPPORTED 


REUSABLE  BEAM ,SPAN=  12  FT ,SPACING= 4 FT,  SIMPLY-SUPPORTED 


REUSABLE  BEAM.SPAN=  12  FT,SPACING=5  FT,  SIMPLY-SUPPORTED 


REUSABLE  BEAM.SPAN=12  FT,SPflCIND=6  FT.  SIMPLY-SUPPORTED 


REUSABLE  3EAM.SPAN=12  FT,SPACING=3  FT.  FIXED  ENDS 


REUSABLE  BEfl«.SPflN=  12  FT.5PRCING= 4 FT,  FIXED  ENDS 


01'- 


FIGURF  104 

REUSABLE  BEAM ,SPAN=  12  FT .SPACING^ 6 FT,  FIXED  ENDS 


FIGURE  106 

REUSABLE  BEAM ,SPAN=  12  FT ,SPACING= 4 FT,  SIMPLE-FIXED 


REUSABLE  BEAM.SFAN=12  FT, SPACING- 5 FT.  SIMPLE-FIXED 


REUSABLE  BEAM .SPAN=  12  FT ,SPACING= 6 FT,  SIMPLE-FIXEC 


- id 


NON-REUSABLE  BEAM.SPAN^I2  FT,SPACING=5  FT.  SIMPLY-SUPPORTED 


NQN-REUSflBLE  BERM .SPflNx  12  FT,SPFICING=6  FT,  SIMPLY-SUPPORTED 


BERM.SPfli 


NON-REUSABLE  BEAM.SPAN=- 12  FT, SPACING- 4 FT.  FIXEG  ENDS 
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N0N-REUSRBLE  BERM.SPRN=12  FT,SPRCING=5  FT,  FIXED  ENDS 


NON-REUSABLE  BEAM  .SPANx.  12  FT,SPACINGx6  FT,  FIXEETEND5 


FIGURE  U? 

■REUoffBLE  BEAM  .SPAN-  12  FT  ,SPEIC[NG-3  FT,  SIMPLE-FfXEO 


BEfltf.SPfl! 


REUSABLE  BEAU .SPAN=  16  FT , SPACING  4 FT , SIMPLY-SUPPORTED 


FIGURE  122 

REUSABLE  BEAM,SPRN=  16  FT  ,SPRCING=5  FT,  SIMPLY-SUPPORTED 


H 14X78 


REUSABLE  BEAM ,SPAN=  16  FT ,SPACING= 6 FT,  SIMPLY-SUPPORTED 


U1SX77 


REUSABLE  BEAM ,SPRN=  16  FT .SPACING^ 8 FT.  SIMPLY-SUPPORTED 


REUSABLE  BEAM,SPAN=16  FT, SPACING- 5 FT.  FIXED  ENDS 


FIGURE  129 

REUSABLE  BEAM. SPAN-  16  FT .SPACING^  6 FT,  FIXED  ENDS 


FIGURE  loO 

REUSABLE  BEAtf.SPHN=  16  FT -SPACING= 8 FT-  FIXED  ENDS 


FIGURE  132 

REUSABLE  BEAM ,SPANr  16  FT ,SPPCING= 5 FT,  SIMPLE- FIXED 


h)lBX40 


D1  - 


FIGURE  134 

REUSABLE  BERM, SPAN- 16  FT .SPACING= 7 FT.  SIMPLE-FIXED 


FIGURE  136 

NON-REUSflBLE  BEflM.SPRN-  16  FT  .SPACING^ 4 FT.  SIMPLY-SUPPORTED 
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REUSABLE  BERM. SPAN=  16  FT, SPACING- 6 FT.  SIMPLY-SUPPORTED 


REUSABLE  8ERM.SPRN=  ]6  FT,SPBCIND=5  FT 


FIGURE  143 

REUSR8LE  BERtf.SPflN=  16  FT,SPRCING=6  FT,  FIXED  ENDS 


FIGURE  144 

NON-REUSflBLE  BEflM,SPflN=  16  FT,SPflCING=7  FT,  FIXED  ENDS 


1-16  FT,SPflCING=4  FT,  SIMPLE-FIXED 


BEfll 


W 10X96 


REUSABLE  BEAM.SPAN=20  FT,SPACING=6  FT.  SIMPLY-SUPPORTED 


X64 


REUSABLE  BEAU ,SPRN= 20  FT  ,SPflCING= 7 FT,  SIMPLY-SUPrORTED 


REUSABLE  BEflM,SPHN=20  FT.SPflCING= 8 FT , SIMPLY-SUPPORTE! 
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REUSABLE  BERM .SPRN=  20  FT ,SPAC ING= 9 FT.  SIMPLY-SUPPORTED 


FIGURE 

REUSABLE  BEAM.SPAN=20  FT .SPACING^  10 FT , SIMPLY-SUPPORTED 


FIGURE  !5S 

REUSABLE  BEAM ,SPAN=  20  FT ,SPAC ING=  6 FT,  FIXED  ENDS 
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FIGURE  162 

REUSABLE  BERM,SPRN=20  FT ,SPRCING=  10 FT . FIXED  ENDS 


W2ix*r 


REUSRBLE  BEAM ,SPRN=  20  FT .SPACING^ 5 FT.  SIMPLE-FIXED 


.SPRI 
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FIGURE  i65 

REUSABLE  BEAM .SPAN- 20  FT.SPACING=7  FT,  SIMPLE-FIXED 
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REUSABLE  BEAM .SPAN- 20  FT .SPACING^  9 FT.  SIMPLE-FIXED 


FIGURE  i6b 

REUSABLE  BEAU .SPAN- 20  FT ,SPACING=  10 FT , SIMPLE-FIXED 


ssx»z* 

66X21 H 


REUSABLE  BEAM . SPRN=  20  FT.SPflClNG=5  FT.  SIMPLY-SUPPORTED 


REUSABLE  BEAM .SPANr  20  FT ,SPACING=6  FT,  SIMPLY-SUPPORTED 


01  - 


FIGURE  172 

■REUSABLE  BEAM. SPAN-  20  FT.SPACING=8  FT.  SIMPLY-SUPPORTED 


REUSABLE  BEAM.SPAN=20  FT. SPACING-9  FT.  SIMPLY-SUPPORTED 


OURRTION.T  (MS) 

FIGURE  )74 

REUSRBLE  8ERM.SPRN=2Q  FT . SPACING^  10  FT . SIMPLY-SUPPORTED 


SEX81M 


FIGURE  175 

REUSABLE  BEflM.SPflN=20  FT. SPACING-5  FT,  FIXEO  ENDS 


FIGURE  I7F 

NGN-REUSABLE  BEAM.SPAN=20  FT.SPACING=6  FT,  FIXED  ENDS 


W21X44 

W 16X50 


FIGURE  1/7 

NON-REUSflBLE  BEflM,SPflN=20  FT .SP9CING=7  FT.  FIXED  ENDS 


FIGURE  178 

REUSABLE  BEAM.SPAN=20  FT.SPACING=8  FT.  FIXED  ENDS 


REUSABLE  BEflM.SPAN=20  FT ,5PACING=  10  FT . FIXED  ENDS 


FIGURE  181 

REUSABLE  BEAM . SPAN=  20  FT,SPACING=5  FT.  SIMPLE-FIXED 


REUSABLE  BEAM ,SPAN=  20  FT,SPACING=6  FT.  SIMPLE-FIXED 


-.10 


N0N-REUSRBLE  BEflM,SPflN=  20  FT,SPRCING=9  FT,  SIMPLE-FIXED 


FIGURE  ISC- 

REUSABLE  BEAM ,SPAN=  ?0  FT ,5P9CING=  10  FT . SIMPLE-FIXED 


REUSABLE  BERM.SPAN=25  FT.SPACING=6  FT,  SIMPLY-SUPPORTED 


H24X130 


REUSABLE  BEAM ,SPAN=  25  FT ,SPACING= 7 FT,  SIMPLY-SUPPORTED 


FIGURE  190 

REUSABLE  BERM ,SPAN=  25  FT , SPACING  8 FT,  SIMPLY-SUPPORTED 


REUSA8LE  BEAM ,SPAN=  25  FT , SPACING  9 FT,  SIMPLY-SUPPORTED 


iP 


FIGURE  192 

REUSABLE  BEAM.SPAN=25  FT, SPACING-  10 FT,  SIMPLY-SUPPORTED 


Ml 6X64 


FIGURE  i94 

REUSABLE  BEflM.SPflN=25  FT,SPflCING=6  FT,  FIXED  ENDS 


REUSABLE  BEAM, SPAN- 25  FT, SPACING^ 7 FT,  FTXED  ENDS 


FIGURE  196 

REUSABLE  BERM . SPRN=  25  FT,SPRCING=8  FT.  FIXED  ENDS 


FIGURE  197 

REUSABLE  BEAM ,SPAN=  25  FT -SPACING^  9 FT,  FIXED  ENDS 


BEflM.SPANr  25 


FIGURE  199 

REUSABLE  BEAM ,SPAN=  25  FT ,SPf!CING=  5 FT,  SIMPLE-FIXED 
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M16X31 


REUSABLE  BERM ,SPRN=  25  FT .SPACING  8 FT,  SIMPLE-FIXED 


REUSABLE  BEHM.SPflN=  25  FT ,SPACIND=  9 FT.  SIMPLE-FIXED 


-.10 


REUSABLE  BEAM.SPflN=25  FT  ,SPRCING-=6  FT,  SIMPLY-SUPPORTED 


NON-REUSflBLE  BEHM.SPRN=25  FT.SPflCINC=8  FT.  SIMPLY-SUPPORTED 


HXixiiB 


NON-REUSRBLE  SERM.SPRN=  25  FT.SPRCING^9  FT , SIMPLY-SUPPORTED 


REUSABLE  BERM .SPAN- 25  FT .SPACING^  10  FT . SIMPLY-SUPPORTED 


FIGURE  211 

NON-REUSABLE  BEAM,SPAN=25  FT,SPACING=5  FT,  FIXED  ENDS 


NON-REUSflBLE  BEOM.SPflN=  25  FT,SPflCING=6  FT,  FIXED  ENDS 


NCN-REUSflBLE  6EflM.SPRN=25  FT,SPRCING=8  FT,  FIXED  ENDS 


FIGURE  215 

NON-REUSFBLE  BERH,SPHN=25  FT,SPRCING=9  FT,  FIXED  ENDS 


FIGURE  2i  6 

REUSABLE  BERM ,SPAN=  25  FT .SPRCING-  10  FT . FIXED  ENDS 


W18X70 


REUSABLE  BE AM, SPAN = 25  FT,SPACING=5  FT.  SIMPLE -FIXED 


FIGURE  219 

NON-REUSflBLE  BEm,SPflN=25  FT.SPRCING=7  FT,  SIMPLE-FIXED 


NON-REUSflBLE  BERM.SPRN=  25  FT.SPHCING=8  FT.  SIMPLE-FIXED 


FIGURE  222 

NON-REUSRBLE  BERM.SPRN=25  FT ,SPRCING= 10  FT  . SIMPLE-FIXED 


FT.  SIMPLY-SUPPORTED 


FIGURE  224 

REUSABLE  BEAM ,SPAN=  30  FT , SPAC I NO=  7 FT,  SIMPLY-SUPPORTED 


W 36X150 


REUSABLE  BEAM.SPAN=  30  FT .SPACING^ 8 FT,  SIMPLY-SUPPORTED 


FIGURE  2?^ 

REUSABLE  BEAM ►SPAN=  30  FT , SPACING^  10  FT . SIMPLY-SUPPORTED 


REUSABLE  BEAM ,SPAN=  30  FT .SPACING^ 7 FT,  F (XED  ENDS 


FIGURE  2 SC- 

REUSABLE  BEAM, SPAN-  30  FT,SPRCING=8  FT.  FIXED  ENDS 


REUSABLE  BEAM.SPAN=30  FT  .SPACING  10FT.  FIXED  ENDS 


W27X94 
W21XI 12 


REUSABLE  BERM,SPAN=  30  FT,SPRCING=6  FT,  SIMPLE-FIXED 


FIGURE  254 

REUSABLE  BERM.SPRNr 30  FT .SPACING^ 7 FT,  SIMPLE -FIXED 


ailXDCM 


REUSABLE  BEAM ,SPAN=  30  FT .SPACING^ 8 FT.  SIMPLE-FIXED 


io 


i > i i 1 ■ 1 1 r 

00' 01  GO'S  00’  9 00‘t  00' 3 


C 1 9d ) d‘  3dflSS3dd  Mtf3d 


a kui  kiiri  n it  mriVd  tartar 


261 


REUSABLE  BEflM.SPflN=  30  FT,SPfiCING=6  FT,  SIMPLY-SUPPORTED 


NON-REUSRBLE  BEflM.SPflN=30  ET,SPflCLNG=7  FT.  SIMPLY-SUPPORTED 


FIGURE  24 1 

REUSABLE  BEflM,SPflN=30  FT  ,SPF1CING=  9 FT,  SIMPLY-SUPPORTED 


FIGURE  242 

NON-REUSABLE  BEAM ,SPAN=  30  FT  *SPACING= 10  FT  * SIMPLY-SUPPORTEC 


REUSABLE  BEAM. SPAN=  30  FT, SPHCING=  6 FT.  FIXED  ENDS 


USABLE  BERM .SPAN=  30  FT,SPACING=7  FT  , FIXED  ENDS 


WZ7X84 


FIGURE  245 

NON-REUSABLE  BEAM ,SPAN=  30  FT ,SPRCING= 8 FT,  FIXED  ENDS 


NON-REUSRBLE  BERM ,SPRN=  30  FT.SPRCING=9  FT,  FIXED  ENDS 


FIGURE  247 

NON-REUSABLE  BEAM ,SPflN=  30  FT .SPACING^  10  FT , FIXED  ENDS 


FIGURE  248 

NON-REUSRBLE  BERM.SPRN=  30  FT,SPRCING-6  FT,  SIMPLE-FIXED 


FIGURE  250 

NON-REUSRBLE  BEflM.SPflN=30  FT ,SPRCING=8  FT,  SIMPLE-FIXED 


NON -REUSABLE  BERtt . SPRN=  30  FT,SPRCIND=9  FT.  SIMPLE-FIXED 


FIGURE  252 

REUSABLE  BEAM.SPAN=30  FT .SPACING^  IP  FT , SIMPLE-FIXED 


: BEflM.SPRI 


REUSRBLE  BERM ,SPRN=  35  FT .SPRCINCt  7 FT,  SIMPLY-SUPPORTED 


FIGURE  258 

REUSRBLE  8ERM ,SPRN=  35  FT.SPRCING=6  FT.  FIXED  ENDS 


FIGURE  2F0 

REUSABLE  BEAM.SPflN=  35  FT ,SPACING= B FT.  FIXED  ENDS 


REUSABLE  BERM,SPAN=35  FT  .SPACING  9 FT.  FIXED  ENDS 
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REUSABLE  BEAM ,SPAN=  35  FT,  SPACING  10 FT,  FIXED  ENDS 


FIGURE  265 

REUSABLE  BEAM ,SPAN=  35  FT . SPACING 8 FT.  SIMPLE 


REUSABLE  BEflM,SPRN=  35  FT,SPflCING=9  FT,  SIMPLE-FIXED 


291 


REUSABLE  BERM,SPRN=  35  FT,SPRCING=  10FT,  SIMPLE-FIXED 


REUSABLE  BEAM. SPAN=  35  FT. SPACING= 6 FT,  SIMPLY-SUPPORTED 


FIGURE  269 

■REUSABLE  BERM. SPflN=  35  FT. SPRCING= 7 FT.  SIMPLY-SUPPORTED 


REUSABLE  BEAM ,SPRN=  35  FT,SPACLNG=8  FT,  SIMPLY-SUPPORTED 


•in 


NON-RE'JSRBLE  BERM  ,SPRN=  35  FT  ,SPflCING=  10  FT  . SIMPLY-SUPPORTED 


00'  01  00' Q 00' 9 0Q'>  00'S 


: BEAM .SPfll 


FIGURE  ?75 

REUSR8LE  BERM ,SPRN=  35  FT.SPRCING=8  F i,  FIXED  ENDS 


NON-REUSRBLE  BERM.SPRN=35  FT,SPRCING=S  FT,  FIXED  ENDS 


or- 


NON-REUSflBLE  BEflli,SPRN=  35  FT  ,SPRCINC=  10  FT  , FIXED  ENDS 


FIGURE  278 

REUSABLE  BEflM,SPFIN=  35  FT,SPflCING=6  FT,  SIMPLE-FIXED 


W30X116 


REUSABLE  BERM  .SPANr  35  FT,SPRCIND=7  FT.  SIMPLE-FIXED 


10 


FIGURE  280 

NDN-REUSRBLE  BERM ,SPflN=  35  FT.SPRCING=8  FT,  SIMPLE-FIXED 


FIGURE  281 

REUSABLE  BEAM, SPAN=  35  FT,SPACING=9  FT.  SIMPLE 


FIGURE  26 2 

REUSABLE  BEAM,SPAN=  35  FT,SPRCING= 


